Yersiniosis, caused by Yersinia pseudotuberculosis, was diagnosed in 25 deer submitted to the Veterinary Diagnostic Laboratories of the Ontario Ministry of Agriculture and Food from 8 farms in Ontario, Canada, over the 4-year period of January 1990 to December 1993. The organism was cultured, usually in large numbers, from the intestines and, less frequently, mesenteric lymph nodes and/or the spleen of 13 red deer (Cervus elaphus), 6 elk (C. e. canadiensis), 4 fallow deer (Dama dama), and 2 red deer-elk hybrids. Outbreaks occurred almost exclusively in the fall (September-November) and affected recently weaned calves, 4-6 months old. Sudden death usually signalled the start of an outbreak. Outbreaks often occurred during inclement weather; usually a sudden cold snap, with or without rain, after a period of relatively mild fall weather. At necropsy, the animals were usually emaciated and dehydrated, and the perineum and tail were sometimes fecally stained. The small and large intestines were congested and filled with serofibrinous and/or seroanguineous fluid. Mesenteric lymph nodes were edematous and congested. Microabscesses surrounding large bacterial colonies in the lamina propria in the jejunum and ileum were typical lesions seen histologically. Peyer's patches were depleted and sometimes contained microabscesses. Purulent lymphadenitis associated with bacterial colonies was the prominent histologic lesion in mesenteric lymph nodes.
S. Ernest Sanford of outbreaks of yersiniosis among red deer (Cervus The advent of deer farming in New Zealand over elaphus), elk (C. e. canadiensis), fallow deer (Dama the last 2 decades has spawned the emergence of similar alternative farming enterprises in the United States and dama), and red deer-elk hybrids in several herds in Canada in recent years. As this new endeavor becomes more established, one can expect the emergence of new Ontario, Canada, in the 4-year period of 1990-1993. diseases or at the very least different expressions of existing diseases. Although recognized as an important cause of morbidity and mortality in farmed cervids in New Zealand, yersiniosis, 6, 8 caused by infection with Yersinia pseudotuberculosis, has not yet gained attention in the scientific literature related to the fledgling deer farming industry in North America. This study covers aspects of the clinical and laboratory features selected for routine bacteriologic culture. Sections of intestine, mesenteric lymph node, and occasionally other tissues were cultured for Yersinia spp. using a selective culture medium (CIN agar) a incubated at 30 C for 48 hr. Bacteria were verified as Y. pseudotuberculosis in an API 20E system. b Six of the Y. pseudotuberculosis isolates were submitted to the Public Health Laboratories, Ontario Ministry of Health, Toronto, Ontario, for serotyping. Virus isolation was attempted by inoculating ground portions of 1 or more of spleen, ileum, or mesenteric lymph node into primary bovine spleen culture. Fecal samples were examined for parasite ova by routine fecal flotation technique.
Results

Materials and methods
Clinical histories and postmortem descriptions were obtained from submission forms and from interviews with producers and/or their veterinarians who submitted cervid carcasses to the 6 provincial diagnostic laboratories of the Veterinary Laboratory Services Branch, Ontario Ministry of Agriculture & Food in Ontario, Canada, from January 1990 to December 1993. Selected tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). Tissues were sion forms, especially in the first 2 years of the study period. A diagnosis of yersiniosis due to infection with Y. pseudotuberculosis was made for 25 carcasses com-A total of 179 cervid carcasses (155 accessions) were prising 14 different accessions from 8 farms ( Table 1 ). The species of these 25 animals were recorded. Thir-necropsied at the 6 provincial diagnostic laboratories teen (from 6 farms) were red deer, 6 (2 farms) were elk, 4 (2 farms) were fallow deer, and 2 (1 farm) were over the 4-year period. Categorization of the exact spered deer-elk hybrids. More than one species was sub-cies of cervid was inconsistently recorded on submismitted from several farms. All outbreaks, except 1, occurred in the fall months, September-November. All animals, except 1, were spring calves about 4-6 months old. The exception for both criteria was a 20-monthold red deer, which died in January 1993. Sudden death was the most common history given. Lethargy and Table 1 . Canadian farmed deer with Yersinia pseudotuberculosis infection examined, 1990-1993. diarrhea for 1-2 days were occasionally reported, usually in other herd members, after the first death had occurred. Poor body condition approaching emaciation with serous atrophy of fat was a frequent finding at necropsy. The calves were usually dehydrated. The perineum and tail were fecally stained in 9 animals. The lower jejunum, ileum, and large intestine were congested and contained copious amounts of fluid material in most of the animals. The mesenteric lymph nodes were congested, enlarged, and edematous. Intestinal contents also contained flecks of fibrin in 3 animals and were hemorrhagic in 5 others.
Histologic features. Intestinal sections were too badly autolyzed for histologic interpretation in 11 animals. Histologic lesions were similar in the remaining 14, consisting of a serofibrinous exudate and aggregates of neutrophils, usually surrounding large bacterial colonies, in the lamina propria throughout the ileum and the mid to lower jejunum ( Fig. 1 ). Similar aggregates occurred in the colon but were much less frequent. Peyer's patches were often depleted and occasionally contained microabscesses. The medullary and subcapsular sinuses in 12 of the 16 mesenteric lymph nodes examined histologically were markedly expanded by the influx of edema fluid and large numbers of neutrophils and macrophages mixed with bacterial colonies. Bacteria were sometimes visible in the cytoplasm of macrophages. Multifocal hepatic necrosis with infiltration of a mixture of neutrophils and mononuclear cells was seen in 2 of 18 livers examined.
Microbiologic features. Yersinia pseudotuberculosis was isolated, usually in large numbers, from the intestinal sections of 24 of the 25 animals ( Table 1) . The organism was isolated from 9 of 18 mesenteric lymph nodes that were cultured, including lymph node of the animal from which it was not isolated from the intestine. Yersinia pseudotuberculosis was also isolated from 7 of 15 spleens cultured ( Table 1 ). The essential features of the Y. pseudotuberculosis isolates were gramnegative rods, minute pink colonies at 24 hours be-coming larger and mauve by 48 hours, alkaline over acid on triple-sugar iron agar, and urease and Vogues-Proskauer negative. The colonies emitted a rose-like odor. The isolates fermented glucose but failed to ferment inositol, Sorbitol, and sucrose. Fermentation reactions to melibiose and rhamnose varied. All 6 of the Y. pseudotuberculosis isolates tested were serotype III. Various numbers of nonhemolytic Escherichia coli were usually isolated concomitantly from the intestines and mesenteric lymph nodes. Salmonella typhimurium was isolated from the ileum and mesenteric lymph nodes of 2 of the 7 deer from accession no. 13 (Table 1) . Campylobacter spp. were not isolated. Small to moderate numbers of gastrointestinal nematode ova were identified in the feces from deer from 5 accessions. A few Eimeria spp. were also identified in the feces from 2 of these deer. No viruses were isolated.
Discussion
Sudden death was the most common initiating sign of an outbreak of yersiniosis in these cases. This finding is similar to other reports of outbreaks of yersiniosis in farmed deer. 6, 8 The histologic lesions were likewise typical of those of previous reports 6, 8 The formation of microabscesses of various sizes enveloping large bacterial colonies in the intestinal lamina propria is typical and would help the diagnostician in suggesting a diagnosis of yersiniosis in deer if formalinized intestine were the only tissues available for examination. The ease and frequency of isolation of Y. pseudotuberculosis (in appropriate media) from the intestine and mesenteric lymph node are consistent with previous reports. 6, 8 Although the organism was isolated from the spleen in several animals in this study, it was not isolated from the liver. With the exception of the chital (axis deer), the paucity of isolations of Y. pseudotuberculosis from the liver of deer diagnosed with yersiniosis has been noted in at least 1 previous study. 6 Serotype III was consistently identified on all occasions that serotyping was attempted. Serotype III has been a common serotype identified in enteric disease of ungulate species, including deer. 6, 12 It has been suggested that cattle might be the reservoir host for Y. pseudotuberculosis serotype III infection in deer. 11 Subclinical infection is well documented in farmed deer, however, and soil and pasture samples readily yield isolates of the organism. 8 There were several similarities among these cases of yersiniosis. The affected deer were from the spring crop and had been recently weaned. The outbreaks occurred in the early or mid-fall months. Furthermore, many outbreaks occurred during inclement weather, typically a sudden cold snap, often accompanied by rain, after a period of relatively mild fall weather. All of the above have been previously implicated as contributing factors in outbreaks of yersiniosis in farmed deer in New Zealand and Australia. 6, 8 Another factor that is more difficult to assess is the impact of the "newness" of these herds. The affected herds had all been in operation for less than 5 years, usually about 2-4 years. It may have taken just that length of time for both the herd size and the population of Y. pseudotuberculosis to build up to the level that would cause the stress of recent weaning and sudden change of weather to precipitate an outbreak.
Yersiniosis was diagnosed in 3 fallow deer from 2 farms towards the end of the study period. This species has been thought by some to be resistant to disease due to Y. pseudotuberculosis infection. 6 Though infrequent, yersiniosis has nevertheless been reported in both free-living 3 and captive 4 fallow deer.
Most of the outbreaks reported here were too sudden for treatment to be initiated. Long-acting oxytetracycline has been used successfully to treat enteritis in cattle due to Y. pseudotuberculosis infection 10 and is also recommended for deer. 6, 8 Oral electrolytes would be indicated if the animals had diarrhea and/or were dehydrated. Preventive measures, where possible, would offer more solace, however. The most appropriate control procedures recommended involve 1) minimizing stress by management and 2) augmenting natural immunity. 8 A Y. pseudotuberculosis vaccine (Yersiniavax) for deer has given significant protection in limited field trials in New Zealand 9 but is not yet available commercially.
Deer farming has grown rapidly in popularity as an alternative livestock farming enterprise in North America. This move to farming of a nontraditional species will create new challenges for practicing veterinarians, diagnosticians, and researchers as new diseases are recognized in these species. Yersiniosis caused by Y. pseudotuberculosis promises to be 1 such disease. Epizootics of Y. pseudotuberculosis have been documented in deer on free range 1 and in a wilderness park. 14 Reports of Y. pseudotuberculosis as the cause of abortion 4, 5, 15, 16 and enteritis 2,10-13 in domestic ungulates appear sporadically in the literature. Some of these reports have been from North America, 1,2,7,14-16 but the cases presented here appear to be the first involving farmed deer on this continent. Outbreaks of yersiniosis in farmed deer in Ontario have now been documented on several farms each fall for the past 4 years. This trend is likely to continue with the increasing popularity of deer farming in North America.
